Background: This article presents examples of how to utilize the research output, to initiate academia-industry interaction, with the ultimate task of launching a new product: a smart heart valve prosthesis for pediatric patients. The article summarizes our efforts in a way that may also be informative to researchers working in fields other than medical devices development. Our task is not to provide a step-by-step guide, but rather to create inspiration, also by describing differences in expectations of business and academic entities. Methods: We analyzed market reports, surveyed the scientific literature and conducted interviews with the key players in the field of medical devices. We also obtained a feedback from clinicians, academia and industry-related researchers, technology transfer centres, representatives of public organization and the creators of legislation. Results: We have obtained and reported the definitive answers that together constitute a critical review of strategies that should be used by researchers who seek to commercialize the outputs of their research. Conclusion: As a result of our investigation, we discovered that the commercialization of research is a complex process, which in some critical aspects does not depend solely on the researcher himself. The most promising ideas, supported by strong experimental evidence, can simply be overlooked by industry representatives, without the proper support of institutions such as a technology transfer centre. Besides, the involvement of scientists in a business project takes them, at least temporarily, outside the regular academic environment, which may cause discomfort and pose a risk to the career path. The limitation to be addressed is the reluctance to report the unsuccessful attempts, which should be considered a legitimate educational experience that ultimately leads to improvement.
senior management to move away from scientific projects (in the interest of saving time and the constant challenge to meet strict deadlines in organizations). Because of that, a manuscript covering more than 40 pages may be overlooked, and its critical points may be omitted. The summary (see Table 1 ) allows the industry employees to understand this paper's essence and to remember these important issues when assessing innovative technologies with a partner from the academic community.
The corresponding author of this article is a member of the research team which focuses on developing a bioresorbable aortic heart valve (HV) prosthesis. During the last several years, a series of applicable solutions were proposed, some of which are summarized in the research articles [2] [3] [4] [5] [6] [7] . Briefly, the solutions developed in the course of the research conducted in Qatar included fabrication of the smart scaffold (See Fig. 1 ) which would be eventually replaced by patients' own cells in order to Time is strictly regulated commodity for the industry. The ideas that can quickly develop into the product would be preferred.
Find out what features are critical for industry and focus on them while presenting an idea. SJR b , 3.3.1.
Launching a new medical product is costly and risky but a strategic effort, thus the involvement of top management can be expected.
Aim high in attempting to gain contacts with industry. The "lords of the time" are the executive directors. ARL a 2
Establish contacts by inviting industry representatives to provide lectures. SJR b , 3.3.1.
Recruit the industry partner as a cofounder in the grant applications. This enables you to learn about the "real" problems, which the industry is currently facing.
ZMH a 3.1.1
Be ready to sacrifice the progress of your academic carrier. The industry partner will need your feedback, loyalty, and dedication.
ROK a 3.4
Tone down your enthusiasm -your conclusions are only the prelude to the complex process of launching a new medical device. yield functional organ growth. The concept was described in multiple scientific reports [2] and successes in the animal model were widely discussed [8] [9] [10] . Our added value was basing the scaffold manufacturing process on textile technology and using the advantages of the fabric architecture, which was discussed in depth elsewhere [4, 7] . The problem. The project arouses the interest of investment funds, which are ready to bear the costs of animal testing. However, one pivotal question remains unaddressed: in the case of successful animal testing, with whom is the team going to continue the project towards commercialization?
What do we know? To confirm the commercial potential of the smart scaffolds, we referred to scientific literature [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , and market reports [21] [22] [23] [24] [25] [26] [27] . Both sources confirmed that all market available alternative HV prostheses do not grow with the patient, have limited longevity (biological valves [19, 20] ) or cause thrombosis if not accompanied with continuous medication (synthetic valves [19] ). This constitutes the strong premise that smart scaffold technology could compete with existing devices. Moreover, we confirmed that marketizing a HV prosthesis is a highly regulated [26, 28] and expensive process [29] . Since HV prostheses are medical devices and their usage is supervised by multiple bodies (for example, the Food and Drug Administration in the USA), it becomes apparent that only large medical device manufacturers (LMDMs) have sufficient resources to launch the product. However, we also found that developing relationships with LMDMs is not an easy task.
To target the patients that may benefit from the smart scaffold the most, we studied the situation in Poland, which is a member of EU, has approximately 37 million inhabitants and neighbours the strongest EU economy -Germany. Because the Qatar population is about 2 million including expatriates, the consideration of a larger country was justified. With this in mind, we contacted the Polish institution Narodowy Fundusz Zdrowia (NFZ) which is responsible for financing the health service nationwide. With their extensive assistance a comprehensive report was obtained [30] showing HV prosthesis usage in Poland. The data summarizes years 2016-2017 and includes: the number and type of HV prosthesis implanted, the number of implantations in each regional center of health, the proportion of HV prostheses implemented using the catheter method, the number of HV prostheses implemented in pediatric patients and prices for a variety of procedures covered under the national health system. Importantly, NFZ does not impose the exact valve prosthesis that must be used by medics. Instead, the entire procedure is financed, so clinicians may choose the most patient-relevant and financially effective procedure. For example, the implantation of an aortic heart valve in an adult patient costs 90,000PLN (24,000 USD) and includes 36 h of intensive post-operational care. In 2016 and 2017, NFZ financed about 6300 procedures of HV implantation annually. Sixty percent of What did we do to find a solution? Since the obvious way to proceed was not identified, we sought feedback from more advanced academic researchers which is presented in the results section. We also managed to contact LMDMs to ascertain their method of operating when it comes to academia-industry relationships. It should be emphasised that during the interview, we did not present the solution developed but instead focused only on obtaining feedback on how to interact efficiently.
Why it may be interesting for others? This article is meant to benefit both scientists and industrial partners and it summarizes the steps required for scientists to present their solutions to industries and obtain feedback. Due to the nature of our scientific interest, we focus on HV prosthesis manufacturers, but this could also be beneficial to other fields.
Methods
When considering the commercialization of the outputs of the research projects, the following question arises: "how do we find a reliable industry partner to whom the given solution would be beneficial?" The attempt to answer this question by searching in general scientific literature is futile since this inquiry is more business in nature. On the other hand, there are written reports including case studies of successful business entities; however, very little can be found on the research/business interactions. For example, a comprehensive report on Hewlett-Packard (Palo Alto, CA, USA), (HP) does not inform on scientific collaborations, despite the fact that HP has Research and Development (R&D) division and strongly depends on research and innovations [31] . Taking this into account, a questionnaire was conducted on prominent scientists, surgeons, and engineers, in order to determine their thoughts on the dilemma of research commercialization. The questionnaire included a description of the concept behind the publication and 30 questions divided into 3 sections, see ref. [32] for examples of the distributed form. The questionnaire was slightly customized depending if industry, an academia, or clinic representative was invited to provide the feedback. The first section of the questionnaire was designed to learn the details about the entity represented by the interviewee. The second one enabled us to learn more about their collaboration with external entities, researchers, clinicians. The last section was designed to let the interviewee explain what in his/her opinion is the most efficient way to initiate collaboration, and what are the requirements and expectations regarding collaboration with an entity or a person. Importantlysome interviewees chose to strictly adhere to the questions, while others preferred to speak freely. Both ways of communication were equally welcomed.
This method of scientific communication was previously implemented in the article about the optimal shape of the HV prosthesis [2] . Since our academic research was conducted in the area of smart HV prostheses, we also contacted the main stakeholders: Abbott (IL, USA), Boston Scientific (Maple Grove, MN, USA), Medtronic (Minneapolis, MN, USA) and Edwards Lifesciences (Irvine, CA, USA). We sent more than 100 emails (see example [32] ) and received three responses to our interview invitation, but not from any LMDMs. Through telephone calls, we managed to obtain feedback from Edwards and Medtronic, no response from Boston Scientific and rejection from Abbott, confirmed in several emails. Moreover, we received a comprehensive report via email from NFZ [33] which summarized the usage of HV prostheses in Poland [30] . The feedback from the interviews was transcribed and, along with the survey results, was published after revision and approval of the participants.
Since it may be beneficial to the scientific community, we decided to supplement the methods section with a short discussion on the difficulties encountered. Approaching LMDMs is challenging, firstly due to strict hierarchical structure and confidentiality of employee conducts. It is natural that whenever asked about company strategies (here R&D) only the top management in a corporation can talk freely without the threat of disclosing confidential data. Fortunately, we were able to find allies who, from their position in the corporation, supported us in contacting the public relations departments and managers. The second source of the problem is that obviously for LMDMs, the highest priority interactions are with the patients who are seeking help. Many communication channels [34, 35] are simply set to help people. Therefore, emails that are not strictly related to health can be overlooked. Even when passing all filters and contacting the decision-makers, the leaders of the market may simply prefer the status quo, with a minor interest in new technologies that may become the thread for the current business model. Altogether, it should be emphasized that when it comes to LMDMs, email as a primary communication tool is inefficient. It was only the support obtained thanks to direct telephone conversations that led to an aimed interaction.
Results
Feedback from clinicians, researchers and innovators Prof. Ziyad M Hijazi, MD, professor of Pediatrics& Medicine, Weill Cornell medicine chair, Department of Pediatrics, director, Sidra heart center, editor-in-chief, journal of structural heart disease, Sidra medicine Professor Hijazi is an interventional cardiologist who specializes in treating congenital and structural heart disease in both children and adults. He is a pioneer in the nonsurgical repair of congenital and structural heart defects. Professor Hijazi is very prolific, with more than 330 peerreviewed published articles, 9 books, and over 60 book chapters. His major area of interest is in the development of techniques and catheters/devices to help treat or cure congenital and structural cardiac disease without openheart surgery. Back in 1991, Professor Hijazi started working on stents and balloons with a company called Numed, based in New York. With them, he developed Z-med balloons [36] and the Angiostent [37] . Currently, Professor Hijazi is working with Venus Medtech (Hangzhou, China) to develop a pulmonic valve and with Colibri Heart Valve (Broomfield, CO, USA) to develop other pulmonic and aortic valves. In addition, the portfolio of medical devices developed, or co-developed by Professor Hijazi and his team, includes the Septostomy Balloon Catheter [38] , ASD device closure [39, 40] and percutaneous pulmonary valves [41] . Since Professor Hijazi is a simultaneously successful scientist, interventionalist, researcher, innovator and educator, his interaction with LMDMs is well established. Usually, LMDMs initiate the contact and offer collaboration to develop a specific product for certain initiatives, under a non-disclosure agreement (NDA). Professor Hijazi has also worked with Edwards Lifesciences [42] , as well as smaller companies, including Occlutech (Helsingborg, Sweden), Venus Medtech (Hangzhou, China), NuMED (Hopkinton, NY, USA) and Colibri Heart Valve (Broomfield, CO, USA). The interaction with all these entities was positive. In fact, the LMDMs were found to be key partners since they have the resources, power, and determination needed to enable progress. The collaboration with Edwards started in 2003 and was/is an especially good experience. Obviously, LMDMs must always refer to the business point of view, so their interest in supporting devices for adults was greater than for pediatric patients.
Retrospectively, the interest of LMDMs was triggered, primarily by a screening of scientific articles and conference meetings. Moreover, Professor Hijazi coordinated the large structural heart disease course, PICS/AICS [43] which also helped him to be recognizable by LMDMs. Professor Hijazi highlights the significant role of personal contacts in getting feedback from LMDMs. His first interaction with LMDMs was initiated by his mentor Professor Martin B. Leon. Professor Hijazi's effectiveness also comes from his kindness, his open-minded attitude and the curiosity with which he operates in a professional environment. Furthermore, his appearance in social and public media [44] assists with networking with and engaging the patients. However, dealing with regulatory bodies remains the challenge, since, above certain levels, formalities may hinder the progress of devices development. For example, in the USA, no study can be carried out without FDA approval. Often the requirements are strict and include a randomized trial. This is difficult with children, and sometimes may be viewed as unethical.
Professor Hijazi has had a positive experience in regard to LMDMs' attitudes towards intellectual property (IP) and remuneration. Careful studies on market requirements need to be conducted before a decision on commercialization is made for the given idea. Prepared partners agree on the value of the given solution and develop a fair consensus. The best way to be remunerated is via royalties on sales if the device is big. It seems to be an effective practice to approach only one LMDM with the given solution and wait and see the results, then if needed, move on to another. There are some very rare examples of purchasing technology that is not further developed. For example, NMT Medical sells intellectual property to W.L. Gore [45] which has so far not resulted in the implementation of medical products.
There are several keynotes that Professor Hijazi would like to share with individuals searching for feedback from LMDMs:
(I) Protect yourself. If it is your idea, ask the LMDM to sign a Non-Disclosure Agreement. Do not be greedy! You need them more than they need you. Be available all the time for their questions. Do not procrastinate. (II) Good ideas that are not protected can and will be taken. This is the nature of the business. (III)Go to meetings related to the topic of your interest.
If you choose the correct conference, everyone you need will be there. (IV)The patent will enforce your position in attempting to get feedback from LMDM. They move quicker if you have the IP.
Assc. Prof. Jonathan T. Butcher, PhD, associate chair, director of undergraduate studies, Nancy E. and Peter C.
Meinig School of Biomedical Engineering, Cornell University
Professor Butcher is the author of over 100 scientific publications, indexed in PubMed. Many of them are directly related to heart valve development and heart valve tissue engineering (HVTE) [46] . Perhaps the most recognizable concept Professor Butcher is the use of additive manufacturing for the 3D printing of hydrogel-based heart valves. These efforts have inspired not only academic but also public interest [47] . According to Professor Butcher, the USA is one of several countries where interactions between science and industry are well-structured. Cooperation between universities and research institutions often bring ideas, technology, and further employment in the industrial sector. US academic institutions have increased efforts over the past decade to establish partnerships with industry for both to build technology to meet their needs but also to ensure their students are well-positioned to thrive in industry positions. One example is the University of Akron, which engages closely with industry to understand their needs, educates and trains students to be effective in meeting those needs as industry employees. Cornell University, with which Professor Butcher is affiliated, has also strengthened cooperation with the industry in recent years. Multiple initiatives have started to engage industry executives to explore shared goals and develop research partnerships. Researchers and students looking for industry engagement/development are equipped with several instruments. For example, one may use the services of the Cornell University Center for Technology Licensing, which both evaluates the commercial potential of innovations and coordinates high-quality patent applications. Each institution, including Cornell, has policies identifying how royalties from patents are distributed between the University, department, and inventors. At Cornell, the inventors receive one-third of the IP royalties.
Considering that the University provides the resources for patenting and initial IP legal enforcement protection, the offer is very lucrative for the inventor. Professor Butcher has made several patent applications [48] [49] [50] and had two patents fully issued [48, 50] . As Universities and faculty are normally not interested in running industrial businesses, these technology offices also work to license the technology to industry for further development.
Another facility available at many institutions like Cornell is an incubator that helps nucleate and grow startup companies. It will bring the idea closer to a marketrelevant product and attract the attention of industrial partners. Cornell University also provides the opportunity to apply for grants in which industrial collaborators have a financial contribution. In this case, financial involvement makes the industry very focused on observing the progress of the project from the very beginning. In this way, relationships are developed, and therefore presenting new ideas/achievements is not a problem.
Thanks to the comprehensive assistance of Cornell, Professor Butcher did not have to vigorously search for the attention of industrial partners on his own. However, he developed positive experiences with a small company delegated by LMDM to seek academic help in solving problems related to the production of medical devices. Based on a mutual understanding, the partners developed a research plan that included both scientific and industrial interest. The project was granted by LMDM and is growing well. It is significant that LMDMs outsource such initiatives to external entities. Researchers need to be careful when discussing technology and scientific discoveries with LMDMs, as without protection, this can amount to public disclosure that can imperil the patentability and thereby the value for both the LMDM and the researcher. This requires training and experience to draw the boundaries for which an NDA becomes a necessity. However, an NDA also has inherent drawbacks. Typically, an NDA is signed before the parties learn more about their mutual needs, problems, and expectations. Moreover, there are no attorneys at the discussion, so the researcher must tone down his/her enthusiasm. These discussions are almost always done by principal investigators, and any time there is IP that is filed, the discussions would involve tech transfer representatives as well. Universities are increasingly aware of these concerns and have developed internal training programs to educate researchers in best practices.
The safest way to present innovations in LMDMs is at first to issue a patent application. A professional agent usually develops a patent application in collaboration with the researcher and a legal company. At Cornell, the university tech transfer agents, usually have either an advanced science degree or a law degree, sometimes both.
Depending on the maturity of the technology and the amount of risk/reward in the market, larger industries are unlikely to purchase/license a patent until after it has been substantially validated. In the biomedical space, this, often depends on the results of clinical trials. The university usually needs to partner with venture firms to develop startups that can move the technology to stage 1 trials, then sell to a larger company for stage 2, etc. With non-medical products, it may take a shorter path, but the size of the potential market will influence how the university/faculty pursues development. Each institution is different, but options include licensing the technology back to the researcher to develop him/herself. Cornell, as well as other institutions, have developed increasingly complex conflict management policies and safeguards to protect both the faculty and institutions while enabling faculty to pursue these dual roles.
Professor Butcher advises scientists to first leverage their own institutional resources. Optionally, they should look for local community incubators unless they have access to a network of resources/contacts in the industry. If there is no academic institution that is responsible, it falls on the scientist's shoulders to get the patent funded. Universities and incubators are in contact with the industry to help determine whether this is patentable.
Professor Zbigniew Nawrat director of the Institute of Heart Prosthesis at Foundation of Cardiac Surgery Development, adjunct in the Department of Cardiac Surgery, Medical University of Silesia
The Foundation of Cardiac Surgery Development (FCSD) is a non-governmental, non-profit organization, with a carefully planned and executed agenda. For 28 years the FCSD has achieved goals by conducting multidisciplinary research and production of medical devices. The mission of the FCSD is primarily to help patients who expect or have undergone heart transplant surgery. Because the motive of action is not the profit, the foundation deals with its intellectual property, accumulated knowledge, and expertise in a fundamentally different way than typical market entities. It is certain that if the scope of the foundation would be a financial profit, the venture would not achieve some of its successes. One example of a patientoriented attitude was retiring from patenting the heart chambers. This enabled the foundation to release the full potential of the biometric solutions developed [51, 52] . The idea and the need for the FCSD became apparent in 1985 when Professor Zbigniew Religa, the pioneer of Polish transplantology, made the first successful heart transplant in Poland [53] . It became obvious that patients waiting for transplants needed a pump that would replace or support their heart until they found a donor. The eighties in Poland were economically extremely difficult because the slowly decaying and crisis-plunged communist system firmly held citizens behind the Iron Curtain. The result was limited access to modern medical equipment. For this reason, Professor Zbigniew Religa independently appointed a team in which he engaged four key collaborators: Romuald Cichoń, Zbigniew Nawrat, Roman Kustosz and Piotr Wilczek. These people were key figures that still carry on the original mission to this day. In fact, the foundation grew up in opposition to LMDMs. It focused on the development of modern devices at a fraction of the price of those available in the United States, for example. The FCSD produced not only more cost-effective equivalents but, above all, innovative instruments, starting from the sketches to research, to implementation, and developing clinical procedures. This genesis of the project is responsible for the esteem that the FCSD enjoys today, not only in the medical environment but also in society in general. LMDMs relate to the FCSD with sympathy and do not try to aggressively take over the areas of the Polish medical market in which the FCSD operates. Of course, the good developed in the FCSD can and should serve not only Polish but patients in general. For this reason, the FCSD formally secures the availability of devices on the Polish market, and at the same time, tries to expand internationally. However, this is a very fresh initiative, and only after 25 years of the FCSD operation there is a need to contact and cooperate with LMDMs. The details of these interactions are shrouded in trade secrets, but it is obvious that the foundation's position is built on hundreds of lives saved [54, 55] , over 40 patents [56] , and hundreds of scientific publications [51, 52] . Even despite such achievements, contacting LMDMs is not easy. The FCSD gains experience in this field. The three flagship medical products developed by the FCSD include extracorporeal heart assist pumps [54, 55, 57] , valvular homografts [58] , and surgical robots [59] [60] [61] [62] [63] [64] . So far, over 1000 extracorporeal heart assist pumps have been created. It is not possible to estimate the monetary profit associated with the production. The financing of the pumps was carried out by the FCSD and its subsidiary company, Intracordis, on a nonprofit basis as part of a medical procedure financed by the Polish Ministry of Health. However, these devices were used to saving lives [54, 55, 57, [65] [66] [67] [68] and have been used in 6 major cardiac surgery centres in Poland [30] . Recently, the mechanical extracorporeal heart assist systems POLAVAD and POLCAS have changed their brand name to ReligaHeart. The ongoing clinical implementation includes pumps ReligaHeart EXT 80 ml and pediatric pumps ReligaHeart PED 45, 30 and 20 ml. The stented homographs, ReligaValve, were very close to commercialization; the FCSD developed technologies for manufacture and adaptation to the needs of pediatric patients. The daughter company, Homograft FRK, as part of the so-called tissue bank, deals with their distribution [58] . Despite the huge clinical success of the device, the number of tissue donors limits their availability.
Surgical robots are an area where the cooperation of LMDMs will be particularly important due to the huge cost of clinical implementation. In this regard; the FCSD conducts a wide information campaign and popularizes its solutions through publications in specialist journal Medical Robots Methods [59, 69] and also via organizing annual events. For example, the conferences BioMed-Tech Silesia, Medical Robots or Cardio Surgeon Workshops have attracted over 1000 participants and widespread media interest. Moreover, FCSD has produced several patents.
Until now, these activities have not led to full-scale collaboration with LMDMs, or IP purchase proposals. However, a frequent meetings are held on exchange of views and the joint determination of steps and goals. It should be mentioned here that the most effective channel of information transfer, and thus the best way to contact LMDMs, were publications in magazines with a highimpact factor, to which the FCSD was repeatedly invited [59, 60] . Interestingly, during publication effort, it was noted that editors and reviewers exert a subtle emphasis on the disclosure of certain technical issues, which were not essential for the article. Of course, these are the normal procedures because the editor knows and anticipates the needs of its readers, including experts from LMDMs.
The first step in the development strategy for robots was to raise funds from the National Centre for Research and Development in Poland (NCRD). Thanks to the funding obtained from the NCRD and financial support of the sponsors, the FCSD constructed several prototypes successfully used for in vivo and in vitro assessments. During the last few years, thanks to the multiple programs funded by the European Union, the FCSD improved the machine and developed an octopuslike robot that exhibits variable controlled rigidity and geometry of the tools to be used by surgeons [64, [70] [71] [72] [73] . At this stage, the FCSD is describing their knowhow and licensing agreements to launch the series of robots known as Robin Heart with the assistance of an external entity. The entity will be selected based on competition between several industry partners, which will be responsible for international expansion.
Bearing in mind the above experience in the field of promoting scientific studies and in the implementation of medical devices, the FCSD proposes the following recommendations:
(I) Close cooperation with prominent doctors is necessary because they hold the best knowledge on the actual needs of patients. (II) It is necessary to obtain and maintain public support, seek to acquire friends and associates in the disciplines of mathematics, physics, chemistry, and biology. (III)You need to consider the advantages of operating in developing countries where LMDMs technologies are less available, and the need for cost-efficient solutions gives you room for manoeuvre. (IV)Identify the specific niche and need of the patient. (V) Contact LMDMs when the technology is at the peak of its capabilities, so that LMDMs are the most eager to pay.
Eng. Tal Golesworthy, C Eng MEI MRSC, Exstent ltd. Tewkesbury, UK
Golesworthy invented the ExoVasc Aortic Root Support, which is an implant that supports the aortic root when it has become dilated and weak due to genetic conditions, eg. Marfan syndrome. Golesworthy was the first patient to be implanted with the ExoVasc, and more than 190 patients have benefited from his device since. Golesworthy is not only a successful inventor and entrepreneur but also contributes to the medical devices development field by providing public lectures. In these lectures, he conveys a honest description of the obstacles that may be encountered when proposing new solutions to conservative clinical environments [74] . Golesworthy started the personalized external aortic root support (PEARS) project in March 2000 when he had dilated to 5 cm and realized he had a substantial health problem. He attended the Marfan Association Information day at St George's Hospital and there he listened to Professor Tom Treasure's presentation on Root Replacement. He engaged Professor Treasure in conversation regarding scanning, CAD modelling, rapid prototyping and manufacturing the bespoke external supports. Currently, PEARS is morphing to a small/medium-sized enterprise. So far, 398 devices have been prepared for implantation. The implant is customized to the specific anatomic morphology of the patient, so each patient is supplied with a minimum of two devices, one acting as a backup for unpredicted circumstances. Golesworthy overcame many obstacles along the way. However, the most challenging was not associated directly with the device. Firstly, cardiologists and surgeons are a group of professionals with extremely busy schedules. One needs to be persistent and patient to gain their attention. Furthermore, even if offered the best options, patients may remain reluctant to try a pretty innovative device. Time and trust are needed to explain the advantages of a highly customized product against off-theshelf alternatives. To manufacture the customized product, non-anonymized patient data are necessary. This is a challenge to hospital bureaucracies since patient confidentiality is a priority for hospital administrations.
Moreover, hospitals are obliged to adhere to standards and procedures, therefore even the most attractive alternative to well-known solutions is taken with moderate enthusiasm. Personalized medical devices are not attractive to LMDMs, who are naturally more focused on mass production. The PEARS team sought funding from major heart research charities, however, no financial assistance was provided. PEARS had, therefore, to be funded by the formation of a UK Limited Company and raised the share subscriptions from High Net Worth Individuals.
Both regulatory bodies to which PEARS needs to refer (MHRA and NICE) have been conspicuous by their limited interference. Having a leading opinion formerly on the team is not a warranty of smooth overcoming of the above-mentioned obstacle. The expertise of scientists involved in the PEARS project provides much higher benefits than their fame and esteem. For example, the PEARS team includes Tom Treasure and John Pepper. They are both prominent members of the scientific community, however, journals related to cardiothoracic surgery in many cases dismiss their articles. Importantly, neither Professor receives remuneration from the PEARS project. To sum up, Golesworthy presents proof that the development of novel medical technology may occur without LMDMs. Highly customized products to which mass production does not apply may especially be an attractive market niche for small and medium entrepreneurs. That activity requires a relationship to clinicians which will support the new solution offered to the patient.
Feedback from/about technology transfer centers Ronald J. Korstanje is a program manager and business development manager at Dutch polymer institute (DPI)
The DPI was established in 1997 as an institution founded by industry. The academia joined DPI soon after. Currently DPI coordinate collaboration of about 30 industry entities (including AkzoNobel, BASF, Bayer, Evonik, and others) and research groups. The most prominent successes in term of the projects that led to the commercial products are temperature-responsive films on windows enhancing light reflection [75] , ultra-high-molecularweight polyethylene [76] which is useful for manufacturing the ropes, cable and composites system and light and electric impulse responsive materials for cleaning the surfaces. In total, about 50 commercial products were developed or significantly improved thanks to the knowledge obtained within DPI. The largest, successfully overcame, obstacle was that researchers described the invention without consulting with the industrial partner which weakened the commercial strength of the patent. Currently, the preparation of innovation disclosure involves both the scientist and the industrial collaborators. This makes the patent more comprehensive and enhances information exchange. As an industrial partner of DPI, the entity is charged by fees. The funds are released to research teammates based on the progression of the given project and agreed milestones. The entire research process is orchestrated by industry site, which is responsible for framing the programs, projects and controlling its execution. To attract the researchers, DPI issues open calls for proposal. However, the industrial partner may shortlist scientific groups that they would like to invite for collaboration. Whenever a given product requires the approval of any regulatory body, the industrial partner is in charge of obtaining it. The most efficient way of communication is a joint meeting in which both science and industry representatives participate. The typical reward for developing innovation for researchers associated with DPI is enhancing financial support of further projects. The work on innovation disclosure, which usually takes 2-3 months, runs in parallel to writing a scientific article to avoid delays in literature communication. If a few entities are interested in commercializing the same DPI patent, they share IP and focus on a specific application field.
In the case of a scientist who is not involved in DPI framework, but is willing to contact DPI partners, the most efficient approach would be to provide DPI with a patent or patent application. DPI will consider its value and distribute the idea to the industrial associates. Optionally an NDA can be established, however, the drawback is the NDA's insufficiency to cover all aspects that must be addressed. The inquiries via DPI portal are welcomed [77] .
Obviously, the experiences of DPI are not directly related to medical products such as a heart valve. However, it seems that an industry-driven initiative to collaborate with academia may be a good solution to enhance ideas/knowledge flow in a controlled, organized manner beneficial to all involved parties.
Insider experience with Qatar Foundation technology transfer strategies
The corresponding author of this review has 8 years of experience in conducting research and developing innovations in Qatar. He was associated with several local research institutions including WCM-Q, QCRC, Sidra Hospital, and QSTP. His work has been described in multiple scientific articles [2] [3] [4] [5] [6] [7] and innovation disclosures (ID). His experiences in the development of in situ engineered heart valves may be presented in the context of the scientific and business relationship in Qatar.
The vast majority of research activities in Qatar are coordinated by Qatar Foundation (QF). The basis of the QF mission is the development of a knowledge-based society and through intellectual property (IP) to achieve nationwide, economic independence from natural resources. The most popular type of QF research grant is National Priorities Research Program (NPRP) administered by Qatar National Research Fund (QNRF), which usually provides 700 K USD for 3 years, 65% of which is to be spent in Qatar. NPRP is strongly oriented towards obtaining marketable patents, therefore cooperation with a business entity is practically mandatory in order to receive financing.
The QF strongly adheres to the chosen research strategy [78] . The researchers need to adapt their projects to QF requirements [79] . It is an inherent privilege of the founder to identify research goals, and the disciplines that arise from QF "hot spots" practically have no chances to be supported. This is the case for the Qatar heart valve program carried at Qatar Cardiovascular Research Center (QCRC) which was dispensed.
The entire ownership of any IP generated within QF belongs to the foundation, and the researcher can be rewarded with up to 1 million USD (terms and conditions apply). It should be noted that QF avoids sharing ownership of intellectual property, which often limits international interactions and cooperation with nonassociated QF inventors.
The most influential branches of the local industry are the gas and oil sector. Also, the construction industry and aluminium production facilities are represented, and there is a growing interest in agriculture and local food production. High-Tech companies, the natural consumers of academic innovations, operate under the umbrella of Qatar Science & Technology Park (QSTP). For example, Exxon, Total, Shell, Vodafone and many other entities are present in the technology park.
A scientist who seeks to present his solution to an industrial partner has several paths to choose from. It may involve the industry partner in applying for an NPRP grant, to which the partner will make a financial and intellectual contribution.
The second option is the Intellectual Property and Technology Transfer (IPTT) office. The researcher associated with QF must log into the IPTT portal [80] , provide a brief description of the invention, its development phase, personal data, and IP ownership statement. After a few weeks or several months, the inventor may be invited to a hearing with an IPTT representative. This experience is usually very positive and fruitful. IPTT officers are openminded, competent and professional. After the feedback is provided by the researcher, the officer submits the application for the approval of the board of directors to initiate the patentability check. This procedure is outsourced to a professional patent office, for example K&L Gates LLP. The feedback provided is comprehensive, and if the final recommendation is negative, the researcher knows how to improve or adapt the recommendation issued. In the case of a positive recommendation, the patent will be granted, and the researcher may receive significant financial support from internal sources of IPTT to further improve their solution.
An additional option to find an industrial partner is QSTP, which identifies itself as "a technology hub for innovation." QSTP coordinates several programs supporting the commercialization of innovation at various stages of development. This applies to accelerator programs devoted to the study of the market value of ideas. However, it should be mentioned that QSTP is offering training rather than financial assistance. At the current point, the efficiency of the above described intellectual property management system is not easy to estimate. This is because QF does not release to the public domain the information on business initiatives related to owned patents.
Feedback form LMDMs Stanton J. Rowe, chief science officer and corporate vice president at Edwards Lifesciences in Irvin, calf
Stanton Rowe has been the chief scientific officer of Edwards Life Sciences since 2008 and corporate vice president of advanced technology. Edwards Life Sciences is a global leader in patient-focused medical innovations for structural heart disease. Rowe is also in charge of establishing a platform for collaborations with the world's leading researchers and clinicians to address unmet healthcare needs, including reliable HV prostheses. For that reason, his input is exceptionally important to the matters discussed in this manuscript. Below an interview with him is provided.
How can scientists identify the problems that are, at a given moment interesting to the industry partner?
Like any other scientific endeavour, listening and observation remain critical to industry and to you as a scientist. You are going to work for years on the problem, just like we will. Therefore, we need to ask the fundamental question: "Is the question or the problem I am trying to address significant enough for the time, effort and risk involved?". This fundamental question is asked in industry and I do not think it is different for a scientist. Ultimately, we all want to have an impact on patient's health. Fortunately, when we look at heart valves, it is easy to identify the fundamental issues. Not every HV lasts for the lifetime of the patient. Mechanical valves may also require reoperation because of the risk of chronic coagulation.
Let's consider the following hypothetical situation: Our team, which is not associated with Edwards, developed a solution that solves the above-mentioned issue. What would be the most efficient manner of approaching LMDMs to get feedback and, ultimately, support?
Let me give you an example. I often get calls from Academic Technology Transfer Centers (ATTCs). Assuming that what they offer is in alliance with our strategy, the first question is how do you know that the solution is feasible? What feasibility work have you done? By feasible I mean that the mechanism behind the solution was described and proven; the effect of the solution must be proven to be repeatable and controlled. The key hypothesis must be effectively tested against safety and applicability. Unless you form a good sense of the solution feasibility, it is just an idea for the prototype. And it is not typically that interesting. You have to go beyond the idea to some level of proof. Therefore, make it feasible before trying to make it interesting.
Because your typical way of interacting is through Academic Technology Transfer Centers, please describe how they physically approach you.
We are trying to be present on ATTCs email blast list. However, 95 out of 100 things they send out do not fit. But, on occasion, some things somewhat fit, in which case a telephone call is made for further clarity on these. Unfortunately, most of the transfer people at ATTCs do not fully understand the technology they are promoting. The trouble then is to get to the people who understand the problem and technology which is actually part of a more fundamental challenge. The question most scientists need to ask is: "Can I develop a concept and scientific measures that are publishable so that I can better retrieve promotion and notoriety in my scientific field?" We, as the industry side, have no interest in that whatsoever. My concern is: "Do you have something that is practical which I can develop to significantly improve patient care?". Occasionally, academics may have some scientific questions that I have little interest in answering.
Could you provide an example of such questions from the field of heart valve tissue engineering?
For example, when you take autologous cells and implant them, a lot of effort is typically taken to monitor the gene expression to see how native tissue responds to the autologous implant. Frankly, this is not of interest to me. In my view, the important questions are: "Are the autologous cells biocompatible? Do the autologous cells survive? What happens to them over time? Do them actually reduce calcification risk? Does it grow? Does it survive, and if replaced, then with what? How does the vascular grow to supply nutrition to autologous implant?" I want to know about histology and natural history of the implant, but I am not interested in gene expression.
When contacting ATTCs, do you expect them to have a patent for the promoted solution, or is that unnecessary?
Typically, I would not communicate with them until they have filed the patent.
Please estimate with how many external entities and internal researchers you are currently collaborating?
When it comes to basic research, we have continuous collaboration with approximately six entities. However, collaboration with the surgeon and cardiologist is much more common. We currently published first in man experience with ten patients, while the idea for that product came from the outside surgeon. About 50% of ideas that come to market were made with clinicians or scientists. We prefer to call our internal researchers biomedical engineers, rather than scientists, and about eight hundred of them work with us.
With such strong internal forces, what pushes you to external collaboration?
There are two answers. Firstly, most of the ideas that come in are at a very early stage. Carrying out earlystage work may involve three to four people. To get to something that can be filed to the FDA (Food and Drug Administration) and obtain approval will involve three to 4 years of work, and hundreds of people. This includes not only R&D engineering but also quality engineering, manufacturing engineering, clinical research. This is how our "internal forces" are used.
The second answer to the question is that our ideas are not necessarily better than anybody else's ideas. The "not invented here syndrome" means that you would not get the most compelling product. I want to develop the most compelling devices that help a patient, and I have little interest in where the idea comes from. If it is from one of my engineers -it is fantastic; if it is from the surgeon -fantastic, if it is from the professor of bioengineering it is wonderful.
For the internally unsolved problem, did you ever seek collaboration with an external scientist?Yes, for example, if we are doing implants, I have to call a haematologist. We do not have a haematologist in my company; however, nobody understands what happens in the bloodstream better than these guys. So, several times a year, we will contact a specialist to refine very specific expertise. We often deal with universities, but in many cases we do not. Typically, we conduct our own research and then we will reach out by telephone call to discuss and propose a consultant agreement that includes confidentiality and assignment of an IP. The expert will be exposed to an IP that is our proprietary. If he/she invents something that is related to that, we must own it. For example, if I taught you how to make an autologous HV from human cells, in a way previously unknown to you, and you come up with an idea based on the IP that I gave you, then I should have ownership rights. Depending on what the issue we are trying to address is, it can be a one-year collaboration, other times it is few weeks. There is some expertise we have ongoing, for example, pathology. We do not have a resident pathologist. When we do tissue explants, or have an HV that would return, we routinely send the materials outside to a consulting group that provides constant expertise to us.
Please describe how you harvest the data from scientific literature?
I expect all my biomedical engineers from R&D to attend the medical meetings and to read both medical and technical articles. If an interesting idea appears and depending on their place in the organization, the biomedical engineer may talk to their manager and through "chain of command", to me. The first step to evaluate the idea would be to reach out with a confidentiality agreement, so we can better understand and perform diligently on the external technology.
Could you name academic influencers in the field of HV tissue engineering?
I believe there are about 50 prominent academics in this area around the world. I am not sure if I know them all. Again, I am not interested in where the best idea comes from, instead, I try to evaluate the ideas based upon their merits, not who brought them to me. Even university professors in a top university may not necessarily understand what is practical and needed in terms of getting something in the market. One of the big challenges is exactly that, professors that teach biomedical engineering may have never actually developed a product.
Have you ever experienced dishonesty from an academic partner?
When they present their idea, some people want to make everything possible. Actually, the people who have the most credibility when presenting an idea say: "Here is what we know, and here is what we do not know. And what we do not know, we think we can do by doing these things. And here is what the risks are, and here is what we think about the risks". If you just stand up and say, "everything is perfect" it seems a lot less credible.
Would you like to add something that you believe is important that I have not asked?
Well, I will add, when you are talking about scientists, one of the challenges that I have faced over the years are obstacles in licensing technology. Scientists can often have unrealistic expectations, due to a limited understanding of the economics involved in product development.
Of course, this manuscript is a step on the way to overcoming these issues. However, if you feel that scientists are not able to interact efficiently, then is it not the job for the industry to educate them on that particulate matter?
I have been on a mission along these lines for several years now. I work with several bioengineering schools. I have done lectures at biomedical engineering societies. I am the person who is trying to indicate to biomedical professors, what we (the industry) want. When you train your biomedical engineers, you give them the skill set that they need to have. To me, the biggest travesty in the world is to produce a student who has spent four to 5 years of their life doing a degree and cannot compete for a job at the end.
Ronan Rogers, new product development director at Medtronic
Mr. Ranan Rogers is an R&D Director with responsibility for new product development portfolios in the areas of coronary, hypertension and cardiac rhythm and heart failure. He is also a member of the Medtronic Site Leadership Team at Parkmore, representing R&D and New Product Development. Rogers clarified that his responses are restricted to Medtronic facility at Galway, Ireland.
Medtronic is currently collaborating with four external research entities. The company is very active in the acquisition IPs, thus, the majority of ideas transferred to products were obtained externally. The company employs about 350 biomedical engineers in R&D and the annual budget for that division is approximately 70 million USD. When it comes to collaboration with academic partners, the largest obstacle is developing translational research and meeting agreed on project milestones and timelines. Medtronic is actively seeking collaborations, especially with clinicians. Various channels are utilized. Medtronic's Physician Services Teams, the relevant research centres, and marketing division are all responsible for establishing collaboration and information flows. Partner physicians are usually required to sign a standard confidentiality and nondisclosure agreement. If needed, adjustments of the NDA can be made upon the legal team review and approval. The company has a dedicated team that screens the literature for significant articles, however, this personnel are not exposed to interaction with the public. Typically, relationships with clinicians and external researchers last many years, and this strategy pays with a positive outcome, and with no record of negative experiences. Medtronic does not follow any influencers and evaluate new ideas based on their merits. Research and Development division does not carry direct negotiations of remuneration for intellectual property of the external scientists. Instead, specialized units of the company are in charge of that task. Medtronic does not provide a database of their patents related to their products. Rogers identified Medtronic's website [34] and conference proceedings as the best way of learning the current company needs and interests. For the external innovator, there is no step-by-step guide to gain the interest of the company, however, all ways of contacting (personal, email, via conferences, through collaboration projects) are welcome and may pay off.
To summarize the above-provided feedback, for the benefit of the academic inventor, while searching for interaction with Medtronic, the best way would be to approach a clinician that has a record of publications that describe the performance of Medtronic's, prosthesis [81] [82] [83] [84] [85] . He has carried out many collaborations with industry, has 7 patents, multiple licenses and many of his reagents/innovations have been licensed and commercialized. He has a major interest in innovative approaches to Healthcare.
Why did you come to Qatar and for how long have you been working with us?
I was approached to come here, originally to be involved in the Qatar Biomedical Research Institute. When I came here, they asked me to be Vice President of HBKU and subsequently the Vice President for Research Development and Innovation. That includes implementation, which is particularly important for the topic of your manuscript. What brought me here are two things, mainly. One is the vision of Her Highness Sheikha Moza bint Nasser. Furthermore, when I came here, I was very struck by the fact that they had an excellent overall vision of what they wanted to achieve. I saw the development of Education City, HBKU, the institutes and the infrastructures that were built around them. I said this was a place where you could accommodate and develop ideas.
In Ireland, I was involved in development, particularly biopharma, but also IT because Dublin City University (DCU) was all about it. We built the university from 0 to 17,000 students. It took 35 years. We started from scratch with very few resources. Mainly, we were getting some governmental and international foundation support. I wanted to build on this experience. That can be done here but a lot faster. It has been 19 months since I started working here.
What are the IP management tools and procedures developed in Ireland/UK that you wish to implement in Qatar?
To address this question, we need to refer to the context. When I started in Ireland with a pre-university, at that point we were not allowed to start companies. The IP was not on the agenda. I got the first patent through the state. In the last 8 years, the DCU has more IP outcomes than any other university in the country. What I want to have here is a set of enabling legislation for IP and the individuals who are developing it. This is necessary to enable the individuals to get their ideas to commercialization. This is already in development. We have a very straight IP group, and we look at all the mechanisms we will need to enable the commercialization.
A transferable solution that deserves implementation in Qatar is an example of the Brighton project. It is about interfacing the digital technology and social humanities which yielded multiple successful companies. The crucial areas in which we hope to merge efforts of QCRI, Hamad hospital and other local entities is digital health and artificial intelligence. What we are missing now are the members of the team with experience in business development activities and investment expertise.
What are Qatar-specific challenges related to IP management?
I did not encounter any challenges that would be extraordinary or new to me. One of the things that was very important in Ireland was Knowledge Transfer Ireland. In this system, the rules and regulations were the same for each institution. Institutions have their role, but they need to also stay in line with national strategy. The central office manages the system and works closely with each entity that has an internal sub-office. Suboffices are part of universities, but they are strongly affiliated with central office. The central office has a capacity to provide some funding for IP development coordinated by sub-offices. I had a key role in developing that system in Ireland and I wish to implement the same element in Qatar. My office manages this task, but I want all entities -HBKU, research institutes -to have their own sub-offices with an assigned focal point. You need somebody who focuses every day on bringing management on board with how we can get ideas to/from individuals (researchers, academic staff), and bring that to the next level. And that is where QSTP comes in.
What are the currently available tools for the QF researcher who wishes to commercialize the research output?
There are two pathways. The first one is for the piece of new technology. For this, we have a product development fund, with which we may help you to go from the basic concept to the next level. If that succeeds, we have a number of other options including training. Some of them we are currently revamping. We are also facilitating the involvement of entrepreneurs. So, researchers with specific technical skills can act as a chief technical officer, while the entrepreneur provides business and marketing product development skills. The researcher can especially count on institutional expertise in IP. If the researcher wants to take the idea to another stage, a number of questions need to be addressed. For example, what is an ideal environment for the individuals who wish to spend their time on research commercialization? We are working on the improvement of the HBKU regulation to enable researchers to take some time off. At this point, the researcher needs special care and attention since they are going to get involved in potentially risky circumstances. In the next phase, we can involve an angel investment or our technology development fund, which for the next 5 years is 10 million USD a year. Involving the company to get investment or license fees is the moment where centralized common interinstitutional rules need to be followed. Following one specific scenario when dealing with external entities is crucial to reach a win-win situation where everybody benefits, especially the founding agency, entrepreneur and institutions that pay wages. This is the way it could be done and has been done before.
What improvements would you recommend to the Qatar IP management system?
We need to look more closely at the issue of risk. Studies show that most people do not like taking risks. Here, if you get an investment and it does not work out, the penalty can be serious. The one thing we have to do is to develop legislation to protect those who made a real and documented effort but failed to commercialize the product. In the best places in the world, the success rate of startups is about 1 in 10. I want to create an environment where we can increase the success rate with the right support, such as training on various types of funding. But also, we need to make sure that legislatively the person taking the risk would not be penalized.
In the USA, you are almost expected to fail at the first commercialization attempt, while in Qatar, failure is strongly negative and potentially harmful. We should look at the failure as a mechanism of learning. Usually, people who failed once won't fail twice. And even if they do fail, what they have learned in the process may enable them to be much more successful later. Moreover, there is scope for flexibility in regard to QF ownership of IP generated via NPRP funding. If the cost comes out of QF, this needs to be recognized by share of IP whenever an external founder invests financial resources in the collaborative project.
The extensive regulation and legislation may hinder the progress of research. Should Qatar legislation be more open to clinical trials and animal testing?
If you wish to go worldwide with your product, for example with medical devices, most definitely you will have to get FDA certification. We always have to make sure that the patient is very well protected. Furthermore, due to the limited population of Qatar, you may need to go outside with large clinical trials. On the other hand, the Qatar population is well-characterized from the genomic side, so you may precisely target a group of patients that will benefit from your system. In any case, the improvement of Qatar legislation goes in the direction of meeting the highest possible and worldwide recognized standards.
When can we expect the first product or service based on QF-owned IP to hit the market?
For the last 12 years, most of the funding has gone into research. A lot of resources before were put in funding but mainly on the educational side. If you look at the overall impact of Qatar-based research, about 85% meets the international standards. This is remarkable given the time frame and the investment. If you are building a house, the first thing you build is a foundation, and to put the roof on, you first need to build the walls. That is what we have been doing. We are building a good, strong foundation and the walls. But now, to get an outcome of that, it takes time. Let's also consider that some facilities reached their operational capacities only a year ago. Thus, we need to be realistic about expectations. For example, in some areas, QCRI is recognized as a world leader. Now it is the moment to exploit the ideas developed there. We have a good infrastructure for research thanks to investing in people. Now, we need to do the same for commercialization. Researchers are good at commercialization, but it is not their primary training, so we need the second layer of people. We have to develop entrepreneurs. Next year you are going to see significant startups launched.
Would you like to share any additional feedback to readers?
It is important, especially, for the international audience to convey the message that we are really going to push forward the commercial aspect of the research. We have a good technology park with 40 companies out there. We offer good training for entrepreneurs about available investment funds. We have top-class research and facilities. If you look at Qatar, it is an incredibly safe country, the leader of empowerment of women, winner of Asian cup 2019 football and host of FIFA-WC 2022. Geographically, it is very well placed for the middle east, far east and for Europe. It is recognized internationally and politically stable. Beyond the universities based in education city, we have Qatar University and multiple other entities. It is a world-class ecosystem that we want to make sustainable and diversified. To summarize, it is a wonderful place for companies to come, set up and participate in the next generation of digital technologies such as digital health and artificial intelligence.
The feedback provided by Prof. Kennedy from the perspective of local researcher/innovator has a few critical aspects that call for further comments. Firstly, the vision, determination and enthusiasm towards improving IP management solutions in Qatar is worth organic support from the prospective beneficent/system users. The proposed solution, namely changes in legislation, changing attitudes towards risk management, developing entrepreneurs and merging them with research, are examples of the top-down strategy. The bottom-up approach, which also has its advantages, is slightly less exploited. Taking the analogy of building the house, the best moment to audit/evaluate the construction is when the building arises. Actually, it is too late to improve after plastering and painting. It is good practice to involve the final users form the early stage of home production and receive the feedback. To give an example, failure is acceptable only if the documented effort was made to succeed. Otherwise, one may reach for initiatives designed to fail or abuse the system to get financial advantages. The tools are needed to distinguish between legitimate effort and fraud.
The second important consideration must focus on the speed of response from the institutional patent office and quality of feedback. The IP office should be able to provide an executive decision to the researcher regarding QF interest in processing with patentability check and patent. The decision should be made in a reasonable time frame. In case QF is not interested in patenting the given solution, the researcher should be allowed to publish the results in a scientific journal. When rejecting the idea, as a matter of courtesy, the patent office may provide a brief justification of decision. This will help the researcher to learn and make better adjustments in future attempts. Guidance for proceeding with patenting efforts could be distributed to the researchers. It is excelent that the technology development fund for the next 5 years is 10 million USD a year, but it would be even better if we learnt how to physically obtain this support.
Finally, there is a need to develop the tools depending on which parties are involved; researchers, the committees and the bodies that decide on which idea deserve or not to be supported, know each other and understand the needs and interests.
Discussion
Because there are formal law restrictions related to launching medical devices such as an HV, it seems that only LMDMs have enough resources to marketize any novel solutions. LMDMs are difficult to reach by the individual researcher. Specialized academic technology transfer centres have a better chance to grab their attention and enhance/moderate interactions. The entities searching for LMDMs' attention must possess the intellectual rights for the solution they are trying to promote. Ideas alone would not be enough for meaningful consideration. Developing NDA agreements require law expertise, and specialized academic technology transfer centres have advantages in providing it. LMDMs do not share the emotional involvement of the researcher. The researcher must stay open for heavy criticism and can gain trust and respect by admitting limitations rather than focusing on strong points of the solution. The national health organizations are a valuable source of information that may be utilized in business planning. Obviously contacting them must be formalized and could be time-demanding, however, it pays off. Noteworthy, NFZ was quick to respond, especially considering the professionalism and value of the prepared report.
The key discrepancy between academic researchers and industry representatives lies in their attitude towards experimentation that yields in innovation. For the researcher, innovation is the culminating point associated with satisfaction and joy. If the proposed solution is interesting for LMDMs, the moment of admitting it is the start of a long and difficult journey. Implementing new technology, especially in HV, will involve hundreds of people and enormous financial effort, while the outcome is uncertain. From this perspective, the role of a researcher collaborating with an industry partner is to act in a way that shows long-standing dedication and offer the support as a loyal, reliable and keen to learn member of the team in a prospective project. A reasonable alternative is to approach LMDMs via clinicians with whom they collaborate. The names can be derived from the Conflict of Interest Disclosures section of articles [86] .
Finally, we need to take ownership of the fact that the modus operandi we have exercised so far was suboptimal. We planned to supplement already developed solutions with the result of the animal test. We hoped to be supported by investments found to obtain a patent that would be sold to LMDMs. However, it becomes obvious that LMDMs preferred interaction with academic technology transfer centres and not with individual researchers. Overall, this indicates that researchers should pay special attention to being affiliated with universities with a strong record of intellectual property commercialization.
Together, Edwards and Medtronic have over 1000 biomedical engineers supported by a dedicated team to screen the scientific literature, and, therefore, we propose the following exercise. Whoever will email the corresponding author with a declaration that article was read would be recommended by the corresponding author to be promoted. The email addresses obtained in this way will be confidential and not used for further communication. The aim of the exercise is to check the efficiency of literature screening in LMDMs.
Conclusions
The commercialization of research output is a complex process that in some critical aspects does not depend solely on the researcher himself. An industrial party may overlook even the most promising ideas supported by strong experimental evidence, lacking the support of institutions and agencies such as a technology transfer centres. Also, as emphasized by prof. Kennedy, involvement of scientists in a business project takes them, at least temporarily, outside the regular academic environment. It may be "not everybody's cup of tea". Another limitation of the academic world that needs to be addressed is the reluctance to report the unsuccessful attempts. Recognizing failure as a valuable educational experience seems justified.
However, why should the lesson benefit only the individual? We need to determine how to describe such experiences in a way that allows specific studies, which would lead to an improvement in the success rate of startups. As many examples show, commercial successes are often a combination of hard work and ordinary luck. In other words, the key to success is to be in the right place at the right time. Optimizing efforts to increase work efficiency was the domain of science long before Henry Ford's improvements. Luck is probabilistic, so chances of success increase with the number of attempts. From this perspective, agencies that support innovators may consider distributing small funds to many, instead of a tremendous support for a few. This observation is not conducive to cost-intensive strategies such as the development of new medical devices. However, the findings of this article do not necessarily support our innovations.
